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Abstract: The relationship between early childhood caries (ECC) and obesity is 
controversial. This cross-sectional survey investigated this association in children from 
low-income families in Goiania, Goias, Brazil and considered the role of several social 
determinants. A questionnaire examining the characteristics of the children and their 
families was administered to the primary caregiver during home visits. In addition, children 
(approximately 6 years of age) had their height, weight, and tooth condition assessed. The 
primary ECC outcome was categorized as one of the following: caries experience 
(decayed, missing, filled tooth: "dmft" index > 0), active ECC (decayed teeth > 0), or 
active severe ECC (decayed teeth > 6). Descriptive, bivariate and logistic regression analyses 
were conducted. The participants in the current study consisted of 269 caregiver-child 
dyads, 88.5% of whom were included in the Family Health Program. Caregivers were 
mostly mothers (67.7%), were 35.3 + 10.0 years old on average and had 9.8 + 3.1 years of 
formal education. The mean family income was 2.3 + 1.5 times greater than the Brazilian 
minimum wage. On average, the children in the current study were 68.7 + 3.8 months old. 
Of these, 51.7% were boys, 23.4% were overweight or obese, 45.0% had active ECC, and 
17.1% had severe ECC. The average body mass index (BMI) of the children was 15.9 + 2.2, 
and their dmft index was 2.5 + 3.2. BMI was not associated with any of the three categories 
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of dental caries (p > 0.05). In contrast, higher family incomes were significantly associated 
with the lack of caries experience in children (OR 1.22, 95%CI 1.01-1.50), but the 
mother's level of education was not significantly associated with ECC. 

Keywords: oral health; preschool children; body mass index; dental caries; socioeconomic 
status 



1. Introduction 

Early childhood caries (ECC), which results from a chronic imbalance between multiple risk factors 
and protective factors, remains a public health problem in many communities [1]. A review by the 
American Academy of Pediatric Dentistry [1] highlighted investigations that have demonstrated the 
consequences of ECC on the development of new carious lesions in both primary and permanent 
dentitions, increased treatment costs, delayed physical growth and development, loss of school days, 
increased numbers of days with restricted activity and a diminished ability to learn. The negative 
impact of severe forms of ECC (S-ECC) on the quality of life of young children and their families has 
been documented in the literature [2-A] and can require dental rehabilitation under general anesthesia [5]. 

Because the global increase in childhood obesity throughout diverse populations shares several 
behavioral and social etiological factors with dental caries, multiple studies have attempted to explore 
the associations between these two chronic diseases in both primary and permanent dentitions, but the 
results of these studies remain controversial. In 2006, a systematic review concluded that only one 
study showed a direct association between obesity and dental caries with a high level of evidence [6]. 
Since then, several retrospective studies of primary dentitions have shown that obese and overweight 
children may have less tooth caries than children who are underweight or healthy weight [4,7]. 
However, other retrospective studies have suggested that there is no relationship between S-ECC and 
body mass index (BMI) [8]. Cross-sectional studies examining ECC risk have also reported conflicting 
results for underweight children [9-16] and overweight children [17-25]. BMI has been reported to 
exert a weak independent effect on caries variation in a cohort of Swedish children [26]. Similarly, 
longitudinal studies have come to conflicting conclusions regarding the benefits of dental ECC 
treatments for improving anthropometric measurements in children [2,10,27]. 

In addition to differences in study design, it is possible that the aforementioned conflicting results can 
be related to variations in the setting where data were collected, the socioeconomic status of the sample, 
the nutritional status measures employed, discrepancies in dental caries, the specific caries assessment 
index used and differences in the ages of the children examined, among other factors [14-16,23,25,26,28]. 
One prospective study reported that the association between caries prevalence and obesity increases with 
increasing age. Specifically, no significant association was observed at 3 years of age (odds ratio = 1.0), 
but a significant association was observed at age 6 (odds ratio = 2.5), with higher caries prevalence in 
overweight and obese adolescents (15 years) and young adults (20 years) [29]. In contrast, the 
American National Health and Nutrition Examination Survey 1999-2002 reported that being 
overweight may be associated with decreased rates of caries in older children [30]. 
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Although the occurrence of ECC is decreasing in some countries [31], certain subpopulations of 
preschoolers still exhibit a high prevalence of ECC, even in developed countries, which shows the 
skewed distribution of this disease [10] and the need for a global effort to understand the factors 
associated with it. The aim of this study was to analyze the relationship between ECC and childhood 
BMI. In addition, the social determinants that can be associated with both caries and unsatisfactory 
BMI were investigated. 

2. Methods 

2.1. Participants 

This cross-sectional survey was conducted in 2009-2010 with families living in the East and North 
Health Districts of Goiania in the state of Goias in Midwest Brazil. These districts are located in an 
urban area within the city of Goiania. A subset of the families examined here received assistance from 
the Family Health Program (FHP). The FHP's family-focused multidisciplinary primary care is 
provided by teams of doctors, nurses, nursing assistants and community health agents, either at health 
centers or at the patient's home. Many of these health teams also include dentists and dental assistants. 
The FHP teams are responsible for following approximately 1,000 families in a well-defined 
geographical area. The East Health District is divided into 15 public health units, and it has an 
estimated population of 177,661 (13.8% of the Goiania population as of 2009). This population 
includes 363 families with 6-year-old children and is served by 18 health family teams. The North 
Health District comprises 12 public health units with 18 health family teams serving an estimated 
population of 142,251 (11.0% of the city's population as of 2009), including 420 families with 
children who are approximately 6 years old. These health districts were chosen because they were 
already being used in the "Tutorial Education Program at Work" (PET-Saude), a government program 
supported by the Ministries of Health and Education that aims to increase the involvement of 
undergraduate students from the Federal University of Goias in community services. 

This study focused on the child-primary caregiver dyad in families with children born in 2004. 
Children with any mental or physical disabilities that precluded the examination procedures and those 
who were uncooperative were excluded from the study. In addition, families who withdrew their 
consent to participate were also excluded from the final analysis. 

It was estimated that a minimum sample size of 275 families was required to achieve a level of 
precision of 10% with an alpha of 5%. To perform this calculation, the prevalence of dental caries was 
considered to be 58.3%, based on a study of 5-year-old Brazilian children living in Midwest Brazil [32]. 
Following a probabilistic stratified sampling model, indexed families were divided into strata 
according to their area/micro-area, and the final sample was obtained through a simple random 
sampling of each stratum. We included a 10% excess of participants (based on power analysis) to 
overcome the potential loss of some participants during data collection. 

Ethical approval was obtained in 2009 from the Institutional Research Board of the Federal 
University of Goias (UFG), Brazil (protocol #128/09). Informed consent was sought and obtained from 
all participants (i.e., the parents on behalf of their children) after the aims, risks, and benefits of the 
study were explained to them. 
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2.2. Data Collection 

Data were collected through a structured questionnaire directed to each child's primary caregiver 
and through anthropometric and dental exams of each child performed by trained personnel in the 
family's home. Initially, health community agents contacted the selected families to invite them to 
participate. Once the parent or legal guardian of a child signed the consent form, the health agent 
scheduled a visit with three members of the research team at the participants' convenience. 

A trained research assistant individually interviewed the primary home caregiver of each child and 
filled out a structured questionnaire. The questionnaire included questions about the child's family 
(e.g., total family income, participation in the FHP with or without a dental team, the mother's level of 
education). Additional questions regarding the age, gender, and oral health of the primary caregiver 
and the age, gender, and attendance at day care/school of each child were also included. 

The weight and height of each child were measured according to World Health Organization 
(WHO) guidelines [33], and the values were recorded and analyzed using the nutritional survey model 
within WHO's AnthroPlus v 1.0.4 software. This software enables the calculation of growth reference 
data for children and adolescents (5-19 years) by generating Z-scores and percentile curves and cut-offs 
based on the standard deviations (SD) from the median. Children were categorized as severely thin 
(<-3SD), thin (<-2SD), normal weight (-2SD to +1SD), overweight (>+lSD, equivalent to BMI 
25 kg/m 2 at 19 years old), or obese (>+2SD, equivalent to BMI 30 kg/m 2 at 19 years old) [34]. 

Following the height and weight measurements, a trained dentist from the FHP (examiner), who 
was assisted by a trained recorder, performed a dental exam to assess a child's carious, missing or 
filled primary teeth (dmft index) according to the WHO guidelines [35]. The dentist sat in an ordinary 
chair and examined the child standing up in front of him, under natural light, with the help of an 
intraoral plane mirror and no probing. In addition to the dmft index, the Significant Caries Index (SiC) 
was also calculated. This value corresponds to the mean dmft of the subgroup of children with the highest 
caries scores (the top one-third of the sample) [36]. Children were also categorized as having or not 
having severe ECC (S-ECC), which was defined as a child having 6 or more primary teeth with caries. 

Six dentists and 12 research assistants were trained in data collection by a professor who specializes 
in dental epidemiological surveys. The weight, height and dental status of a convenience sample of 13, 
5-year-old children attending a day care center were determined. The inter-examiner and intra-examiner 
agreement for dental assessments were considered good (Kappa ranging from 0.6-0.8 and 0.6-1.0, 
respectively) [37]. A separate cohort of 20 adults accompanying children attending dental school 
clinics was interviewed to pilot the questionnaire. 

2.3. Statistical Analysis 

IBM SPSS Statistics Version 19 was used for statistical analyses. The primary outcome was dental 
caries, which were subdivided into the following three levels of severity: caries experience (dmft > 0), 
active ECC (6 > dmft > 0) and active S-ECC (dmft > 6). The association between caries experience 
and each of the independent variables was evaluated. The independent variables examined included the 
gender and age of each child, the gender and age of each caregiver, each child's nutritional status, the 
family income (in Brazilian minimum wages) and the mother's formal education (years). 



Int. J. Environ. Res. Public Health 2013, 10 



871 



The statistical analyses included descriptive information and frequency distributions, bivariate 
analyses to test the associations between dental caries and BMI and logistic regression analysis (using 
the enter method) to evaluate the influence of the independent variables on caries experience 
(dichotomized as "yes" or "no"). Independent variables were entered into the regression analysis if 
they exhibited p values < 0.2 in the bivariate analysis. The level of significance was set as a < 0.05. 

3. Results 

3.1. Participants 

A total of 303 child-caregiver dyads were selected to participate in the present study. Of these, 29 
participants were excluded because the parents did not provide consent, and five did not have the 
opportunity to have their weight or height assessed. Thus, 269 children with caregivers (respondent 
pairs) were studied. Of these, 238 (88.5%) were being seen by the FHP and 207 (77.0%) were being 
seen by an oral health team. The average monthly family income was equivalent to $668.77 (US 
dollars), and all homes had a fluoridated public water supply. 

Caregivers were mostly mothers (n = 182, 67.7%), but grandparents also served as primary 
caregivers for some children (n = 53, 19.7%). Over one-third of the caregivers (n = 99, 36.8%) had not 
received any information about oral health in the previous months. Slightly more than half of the 
children were boys (n = 139, 51.7%), 75 were only children (27.9%) and 30 (11.1%) had three or more 
siblings. During the day, 172 children (63.9%) attended daycare centers or schools. According to the 
caregivers' reports, only one child had a history of malnutrition. Most of the children (n = 171, 63.6%) 
had a history of frequent infections. Table 1 lists other characteristics of the participants. 



Table 1. Sample characteristics. 



Variable 


Mean 


Standard 
deviation 


Minimum 


Maximum 


Family monthly income (as a fold-value compared 
to the average Brazilian minimum wage) 


2.3 


1.5 


0.5 


10.0 


Mothers' formal education (in years) 


9.8 


3.1 


0 


22.0 


Caregivers' age (in years) 


35.3 


12.0 


12.0 


69.0 


Children's age (in months) 


68.7 


3.8 


61.0 


79.0 



3.2. Early Childhood Caries (ECC) and Body Mass Index (BMI) 

The dmft index was 2.5 + 3.2 (mean + SD) and ranged between 0 and 13. Decayed teeth were 
responsible for 68.4% of this index, whereas filled and missing teeth constituted 29.2% and 2.4% of 
this index, respectively. A majority of the children were caries-free at the time of the exam (n = 148 or 
55.0%). The Significant Caries Index, which represents the occurrence of caries in a third of the 
analyzed sample, was high (SiC index = 6.4), thus indicating that the caries distribution in this sample 
is skewed (Figure 1). Among children with decayed teeth, 17.1% (n = 46) had six or more affected 
teeth and were diagnosed with S-ECC. 
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Figure 1. The cumulative distribution frequency of dental caries in this study population; 
46.8% had no caries experience (decayed, missing, filled teeth = 0). 




Percent of group 

The average BMI of the children in this study was 15.9 + 2.2, and it ranged between 10.4 and 25.4. 
A total of 63 children were identified as overweight or obese (23.4%), which led to a left-skewed 
distribution compared to the WHO reference line (Figure 2). A majority of the children were of normal 
weight, but some children were either over or under the expected weight for their gender, age and 
height (Table 2). The frequencies of these BMI categories in children with or without caries, according 
to different criteria, are provided in Table 2. 

Because there were only three cases of underweight children, we combined the underweight and 
normal weight BMI categories into a single group. Thus, being overweight was treated as a 
dichotomous variable (overweight or not), and the associations of these two categories with caries 
experience, ECC, and S-ECC (Chi-square) were evaluated. The p-values were above 0.05 for all three 
analyses. The logistic regression model analyzed "having no caries experience" as the main outcome, 
and the following four independent variables were included after the bivariate analysis: children being 
overweight or obese (p = 0.11, Chi-square test), children's age (p = 0.05, Mann- Whitney test), 
mothers' formal education (p = 0.02, Mann- Whitney test), and family income (p = 0.003, Mann- Whitney 
test). Higher family income was the only variable that was significantly associated with children 
having no caries experience, and this variable was able to correctly predict 61.8% of the cases with no 
caries experience (Nagelkerke R = 0.06) (Table 3). 
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Figure 2. The Body Mass Index of children in the study. Data are shown as Z-scores (red 
line), and the WHO reference distribution (from 2007) for children 61 months to 19 years 
is also shown (green line). 




z-score 


Severe thinness 


1 Thinness I 
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loverweighl 


Obesity 



Table 2. The frequency of BMI categories among children according to their dental caries 
status {i.e., caries experience, active ECC or active S-ECC). 



Body Mass Index 
Category <a) 



Caries experience, Active Early Childhood 
n (%) Caries, n (%) 



Active Severe Early 
Childhood Caries, n (%) 



Severe thinness or thinness 


1 (0.7%) 


0 (0.0%) 


0 (0.0%) 


Adequate 


114(79.7%) 


97 (80.2%) 


39 (84.8%) 


Overweight 


18 (12.5%) 


15 (12.4%) 


5 (10.9%) 


Obesity 


10 (7.0%) 


9 (7.4%) 


2 (4.3%) 


Total 


143 (100.0%) 


121 (100.0%) 


46 (100.0%) 



(a) 



1 Body Mass Index categories according to Z-scores [34]. 
Table 3. Results showing the predictors of having caries experience. 



Independent variables 


OR 


95% CI 


/7-value 


Children being overweight or obese 


1.32 


0.70-2.50 


0.40 


Children's age [1] 


0.94 


0.88-1.00 


0.06 


Mother's level of formal education [l] 


1.03 


0.94-1.13 


0.51 


Family income 111 


1.22 


1.01-1.50 


0.04 


NagelkerkeR 2 =0.06; [1] 


Continuous variable. 





4. Discussion 



Nearly half of the children in this study had ECC, and approximately one-fourth were overweight or 
obese. However, several statistical analyses revealed no significant associations between these two 
variables. In contrast, the family income level was shown to be a significant predictor of children 
without ECC, but this factor only explained a modest amount of the variance. The relative weakness of 
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the model was expected because only a small subset of the relevant variables was assessed. Indeed, the 
current conceptual model of ECC risk includes many social environmental, maternal, and childhood 
risk factors, including maternal psychological distress and dysfunctional parenting [38,39]. Nonetheless, 
our results showing a lack of a significant association between dental caries and BMI and the presence 
of a significant association between dental caries and socioeconomic condition are consistent with 
other studies conducted in children [14,18,19,23] and adolescents [40]. Because of the low numbers of 
underweight children in our sample, it was not possible to determine whether this subpopulation has a 
higher predisposition for caries [4,11,12,15,16]. The other studies that have shown a strong correlation 
between caries in primary dentitions and BMI did not control for social variables [9,17,21,24]. 

The influence of social health determinants on the incidence of caries is well known. A cross-sectional 
study of a subsample of 400 children nested in a Brazilian birth cohort revealed that the significant risk 
factors for caries in 6-year-old children were the mother's educational status (less than 8 years of 
schooling), family income (less than six times the average minimum wage), pre-school non-attendance 
and the consumption of sweets at least once a day [41]. In another study that examined the FHP, the 
following risk factors were shown to be associated with ECC in 1,690 preschoolers aged between 
18-36 months and 5 years old: a large number of household members, a lack of water supply, the 
length of time living in a place, the education level of the primary caregiver, public preschool 
attendance, the demand for oral health services and the pattern of sugar consumption [42]. It is likely 
that including additional social determinants in the current analysis (as the aforementioned studies did) 
would have produced a more robust model to explain the occurrence of ECC in our sample. However, 
the limitations of cross-sectional study designs should not be overlooked. For example, cross- sectional 
studies often miss many of the factors that influence a particular problem over time due to incomplete 
reporting and memory issues. These limitations can result in bias, especially when studying chronic 
diseases such as ECC and obesity. Indeed, the fact that a child is being served by a family health team 
at the time of the survey does not indicate that this child has always received this type of care. Similar 
arguments can hold true for other social and biological factors that can vary, such as family income. 
Thus, longitudinal studies may be more effective in developing a more realistic model for predicting 
ECC. Finally, although the lower limit of team agreement (kappa = 0.6) could be interpreted as 
reflecting a potential measurement error, we consider it to be a reliable parameter of moderate 
agreement for clinical measurements as cited by other authors [43,44]. 

Interestingly, longitudinal data from Swedish children have shown that while no significant 
association between the incidence of caries and obesity exists at 3 years of age, a significant association 
does emerge at 6 years of age and remains throughout adolescence and young adulthood [29]. Similarly, in 
another cohort with more than 2,300 Swedish children, the association between caries and obesity was 
weak, but it became significant when the children reached 12 years of age [26]. Based on these studies 
and the current findings, it can be hypothesized that because of the chronic nature of both caries and 
obesity, it is possible that young children (until at least approximately 6 years of age) have simply not 
been exposed to a family's habits (e.g., diet) for a sufficient amount of time to have their BMI 
significantly affected. In agreement with this hypothesis, a study reported that although underweight 
6-year-old children have more caries in primary dentitions, dental intervention did not significantly 
retard this increase in caries within 3 years. Furthermore, a study with a national American cohort 
reported that, in the preschool years, both favorable and unfavorable early weight statuses were highly 
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associated with subsequent weight status at preschool [45]. Future studies are required to fully 
elucidate the effects of age on the relationship between obesity and caries. 

Despite defining dental caries in several different ways, no statistically significant associations 
between dental caries and BMI were observed in the current sample of children. It is possible that an 
assessment of odontogenic infections would have yielded different results. Because dental treatment 
needs and pain occurrence were not investigated, it was not possible to determine the extent of decay. 
Another study with a population of Filipino adolescents showed that the PUFA index (pulp 
involvement, fistula, abscess) was significantly associated with low BMIs [46]. However, in a sample 
of patients with s-ECC, BMI was not correlated with dmft or the number of pulp-involved teeth [8]. 

The majority of families in this study were assisted by the FHP, but the duration of this assistance 
was not determined. This program has played a key role in improving maternal and child health in 
Brazil [47]. It has been shown that systematic home nutritional advice during the first year of life can 
decrease the incidence of dental caries by 22% in 4-year-old children [48]. Although a sample from 
two health districts of a large city in Brazil was studied, the results are likely generalizable because a 
stratified sample was selected and because dental caries and obesity are health conditions that are not 
spatially dependent [49] . 

Despite the limitations of this study, our results add to the literature investigating the association 
between ECC and obesity and provide additional evidence for the complexity of this relationship. 
Indeed, it appears likely that there is not a single common risk factor for these two disease processes 
but rather a complex interaction of health behaviors, social determinants and genetic factors that drive 
both caries and obesity. Regardless, we agree that child dental services and child welfare services can 
benefit from broader joint action [26]. 

5. Conclusions 

No significant associations between dental caries and childhood obesity at 6 years of age were 
observed. However, lower family incomes were significant determinants of caries experience. 
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